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Abstract: Accurate prediction of the fatigue life of recycled concrete (RC) is important for the
application of RC in pavements and bridges and other projects. Based on the grey Markov model
(MGM), the fatigue life data in the original series were continuously updated by using the

metabolic theory, and combined with the particle swarm algorithm to optimize the value of the
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state interval to improve its prediction accuracy for concrete fatigue life prediction. Then the
fatigue life test results of RC with different stress levels were used as the original data to establish
the fatigue life prediction model of RC based on the improved gray Markov model, and the
accuracy of the model and the prediction results before and after improvement were compared and
analyzed. The results show that the RC fatigue life N obeys the two-parameter Weibull
distribution. The error analysis after converting the predicted values from Ig(N) to fatigue life
shows that the prediction accuracy of the stress-fatigue life (S-N) curve is low, with maximum
relative error of 201. 43%. The prediction accuracy of the MGM (1, 1) model is improved
compared with that of the SN curve, but the average relative error still reaches 102. 20%. The
prediction accuracy of the MGM (1,1) model improved by the theoretical improvement of both
algorithms has improved considerably, and the average relative error is only 5. 62%. The
improved MGM(1,1) model is found to have smaller error fluctuations and smaller mean errors
than the model in the literature when the experimental data from other literature are introduced
for validation and comparative analysis with the model in the literature, and the average relative
error is only 1. 01%, indicating that the improved MGM (1,1) model has higher accuracy and
reliability in predicting the fatigue life of RC.
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gorithm; fatigue life
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Table 1  Properties of coarse aggregate
R R R/ (kg » m™3) ERAR &R/ % FEWEAR IR/ % Wk =/ %% /%
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Table 2 Mix proportion and basic mechanical properties of concrete

M/ (kg + m™?)
- - UL/ MPa | BT EE/ MPa
b IRL YR RIRHERE | FFA R SR UN Wi 7K 5
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Fig. 1 Four-point bending fatigue test
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Table 3  Results of fatigue tests
N F3 7K 9% 55 F i 9 57 F i B (K lg(N) #1H
0.55 1 589 875 1 889 745 1957 462 2 000 000 1859 271 6.267 6
0. 60 657 436 757 466 982 576 1 205 869 900 837 5.942 7
0.65 264 562 389 746 461 478 521 475 409 315 5.598 7
0.70 52 580 89 884 120 204 163 674 106 586 4.992 1
0.75 6 784 8 476 10 721 12 823 9 701 3.974 5
0. 80 983 1247 2574 3476 2 070 3.2600
0. 85 394 471 574 858 574 2.740 2
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Fig.2 Weibull distribution test of RC fatigue life
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Fig. 4 Particle swarm algorithm flow chart
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Table 4 Related parameters of particle swarm

optimization algorithm
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Table 5 Error comparison of prediction results of different models

" - 1g(N) ¥ 97 #5 A
i) N F3 7K — — — —
By (H SRR MR 2/ % Hy(H 0 4 MIXHR 2/ %
0. 80 3.260 0 3.706 6 13.70 2 070 5 089 145. 83
SN gk
0.85 2.740 2 3.238 1 18.17 574 1730 201. 43
0. 80 3.260 0 3.542 6 8.67 2 070 3489 68.53
MGM(1,1)
0.85 2.740 2 3.131 6 14.28 574 1354 135. 87
0. 80 3.260 0 3.346 1 2. 64 2 070 2219 71. 80
XMGM(1,1)
0.85 2.74 02 2.859 1 4.34 574 723 25.95
0. 80 3.260 0 3.468 1 6. 38 2070 2 938 41,94
PMGM(1,1)
0.85 2,740 2 3.065 7 11.88 574 1163 102. 65
0. 80 3.260 0 3.289 0 0. 89 2 070 1945 —6.03
XPMGM(1,1)
0.85 2,740 2 2.781 0 1.49 574 604 5.21
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Fig.7 Comparison of prediction accuracy of

different models
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